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FOREWORD

The prospect of undertaking a reusable launch vehicle development led the NASA
Office of Manned Space Flight (OMSF) to request the Office of Advanced Research and
Technology (OART) to organize and direct a program to develop the technology that
would aid in selecting the best system alternatives and that would support the ultimate
development of an earth~to-orbit shuttle. Such a Space Transportation System Tech-
nology Program has been initiated, OART, OMSF » and NASA Flight and Research
Centers with the considerable inputs of Department of Defense personnel have generated.
the program through the efforts of several Technology Working Groups and a Technology
Steering Group. Funding and management of the recommended efforts is being accom-
plished through the normal OART and OMSF line management channels. The work is
being done in.government laboratories and under contract with-industry and universities.
Foreign nations have been invited to participate in this work as well.

The Space Transpottation. System Techno logy Symposium held at the NASA Lewis
Research Center, Cleveland, Ohio, July 15-17, 1970 , was the first public report on
the program. The sympesiumn on which this publication is based was held at Phoenix,
Arizona during the week of March 15, 1971 and was the second report in the areas of
Biotechnology as well as Operations, Maintenance, and Safety. The Symposium goals
are to considet the technology problems, their status, and the prospective program out-
look for the benefit of the industry, government, university , and foreign participants
considered to be contributors to the program. In addition, they offer an opportunity to
identify the tesponsible individuals engaged in the program. The Symposium sessions
are intended to confront each presenter with his technical peers as listeners. .

Because of the high interest in the material presented, and also because the people
who could edit the output are already deeply involved in other important tasks, we have
elected to publish the material essentially as it was presented, utilizing mainly the
illustrations used by the presenters along with brief words of explanation. Those who
heard the presentations, and those who are technically astute in specialty areas, can
probably put this story together again. We hope that more will be gained by compiling
the information in this form now than by spending the time and effort to publish a more
finished compendium later.

A. 0. Tischler

Chairman,

Space Transportation System
Technology Steering Group
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ABSTRACT

The Space Shuttle Orbiter Environmental Contro)

and Life Support System is presented. The rationale
leading to selection of concepts is stressed. The
concept trades were based on an anticipated 1977
initial orbiter flight, ten years operation and a
baseline mission support requirement of four men for
seven days. The paper reflects a summary of concept
selection work completed by the North American
Rockwell Space Division Team, under -contract to NASA,

Manned Spacecraft Center. Hamilton Standard provided

support to this study.

s Pry




THE SPACE SHUTTLE

The Space Shuttle 15 to be a fully reusahle two-stage transportation system
for manned earth orbiting operations, It 1s designed to take off vertically
and land horizontally, The Space Shuttle will consist of two vehicles - a
booster and an orbiter., The booster carries the cargo-filled.orbiter
piggy-back to the fringe of Space, then separates and flies back to a Tanding
site and lands horizontally,

The orbiter, with its payload, continues into earth orbit to provide space
station support operations or perform independent space operations. After
completion of the mission,deorbit takes place and the orbiter lands hori -
zontally. Figure 1 illustrates the basic shuttle mission. The primary
purpose of the shuttle is to reduce the expense of space travel to jess
than 1/10th of today's cost.

PHASE B STUDY TASKS

The functional requirements of the orbiter Environmental Control and Life
Support Station (ECLSS) can be satisfied by a number of alternate concepts.,
The primary tasks of. the first six months of the Phase B study contract
were to determine design requirements and criteria, establish a baseline
system, and evaluate alternate concepts to the various requirements. This
paper provides a description of the chosen ECLSS concepts and their selec-
tion rationale,

REQUIREMENTS AND DESIGN CRITERIA

The—primary requirement for the ECLSS and all other systems is to provide

a low cost reusable system. The cost of development is of particular
concern and for this reason, whenever possible, previously developed con-
cepts will be utilized. The concepts are to be based on 1972 state-of-art
criteria, and require minimum maintenance and refurbishment, provide turn-
around in two weeks or less, and support 100 missions over a ten-year period.

The ECLSS must provide the following functions:
A. Shirt-sleeve environment for the crew and passenger compartment.

B. Food, water, oxygen and storage and disposal of trash and
human waste. Where required, proviae environmental control
of equipment in and outside the crew compartment,

The subsystems that provide these functions must have the performance
capabilities to meet the requirements of Table 1.

TRADEOFF STUDIES

The functions of the ECLSS can be satisfied by more than one concept or
method. Therefore, to trade the alternates against each other, a concept
was selected as the baseline and the others traded against this concept,
The baseline concept and the alternates are shown in Table 2.

3
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TABLE 1, DZSIGN REQUIREMENTS & CKITERIA

Functional Requirements (Design Point)

Cabin Total Pressure (Normal)

Oxygen Partial Pressure (Normal)

Carbon Dioxide Partial Pressure (Max. Normal)
Cabin Temperature (Selectable) _
Cabin Humidity

Trace Contaminants (Max. on each contaminant)

Design Loads

Heat Loads

Hydraulic System (Heating) (BTU/Hr)
Fuel Cell Cooling (Max. = BTU/HR)
Metabolic Heat

Sensible (BTU/Man-Hr)

Latent (BTU/Man-Hr)

Wall and Window
Electronics Cold Plate Load
Electronic Air Load
Water Consumption
Urine Produttion
Feces Production
Cabin Leakage Rate

Fajlure Mode

14,7 PSIA

3.0 to 3.4 PSIA
7.6 mm_Hg

65 - 75°E

46 - 57°FE_D.P, .
0.1 TLV

0 - 15,000
36,000

345

205

-8,800 to +2400 BTU/HR
20,460 BTU/Hr

12,200 BTU/Hr

6.91 1b/Man-Day

3.58 1b/Man-Day
.25/1b/Man-Day

7 1b/Day

The system, except for pressure vessels such as tubing and tanks, in the
event of failure, shall be designed to fail operational and fail safe with

the second faflure,.
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The major trade evaluation criteria were cost (emphasizing cost prlor to ‘!*
first orbital flight), weight, power required, and volume. These factors
were determined for the haseline and alternate concapts, generally at the

design roint, and the evaluations made, A description of the concepts and
thefr evaluation is prov-ded helow,

WASTE_MANAGEMENT

Three Waste Management Subsys ten (WMS) concents were evaluated as possibie
candidates for the Shuttle arbiter. The major design consideration 1n this
evaluation was the collection of selid human waste. The basic concepts were:

(a) A collection bag is provided for insertion in a canister which
has sufficient air flow to produce detachment and entrainment,
The bag is manually sealed and placed in a storage compartment.

(b) An integrated collection and storage container of sufficient
capacity for a seven-day mission. For extended missions, it can
be removed when full, replaced, and remotely stored.

(c) A collection bag, which is manually placed in a waste receiver,
1s provided for waste collection. After an expended bag is
sealed, the waste receiver semi-automatically rotates 90° and
ejects the bag into a storage chamber. Following ejection the
receiver returns to its criginal position. |

The integrated collection and storage container was selected for the Orbiter
WMS, Its stage of development is the most advanced, as well as having the
greatest aesthetic attractiveness. A similar system has been proposed for

the Orbital Space Station, which offers significant commonality potential
for equipment as well as procedures.

A rotary separator urine collection concept was selected over the hydro-
phobic bag separator/collection approach for two reasons: 1) handling
requiremert is undesirable; 2) Skylah program has not been successful in
developing this concept. The rotary senarator concept requires no handling
by the crew, is being developed by Hamiltor Standard for Skylab, and has
been selected for SSP. Urine collection tanks may or may not be employed,
depending upon overboard dumping limitations.

HUMIDITY CONTROL

The following Humidity Control Concepts were evaluated:
(a) Condensing heat exchanger
(b) Desiccant adsorption with vacuum desorption

(c) Desiccant adsorption with vacuum descrption and ullage
save pre-pump
6 q
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The condensing heat exchanger concept utilizing a 3-fluid, stainless stee!
heat exchanger, A wick water separator collects condensate and wicks |t
to a hydropholic transfer disc from which 1t is pumped to the condensate
collection system, The condensing heat exchanger 1s oversized to provide
a sensible heat.exchanger coolant inlet temperature high enough to prevent
condensation. A single latent/sensible heat exchanger was not considered
dug to the essociated penalty with providing a cabin heating capab’lity,

An 1sotnermai, vacuum regenerable, four-bed s{lica gel desiccant hunidity
control concept was considered. This concept desorbs 1ts water vapor to
space vacuum, The addition of heatfers and/or pumps to achieve desorption
at sea level conditiens significantly increases launch weight. Humidity
control is achieved by process flow bypass. A pre-desorption pump=-down
approach was considered to conserve ullage gas during orbital operation,
but provided no advantage for the baseline 7-day mission.

The condensing heat exchanger concept has the advantages of being ligater
and less complex than the desiccant approach. Additionally, the condensing
heat exchanger will perform normally for all phases of orbiter missions,
including ferry flight. During space station docked operation, tiie con-
densing System can inhibit its overboard dumping by storing its condensate,
whereas the desiccant cannot desorb without dumping its collected water
vapor to space vacuum. Studies have shown that although increasing the heat
transporc loop radiator outlet temperature, as is allowed by the use of the
cesiccant, decreases the radiator fixed weight; the increased fired weight
of the desiccant over the condensing heat exchanger and the added weight

of other heat exchangers more than offsets the radiator weight savings and
causes the total system weight to increase. The desiccant system also
requires significant specialized GSE to dry the beds out between flights.
For th$se reasons, a condensing heat exchanger is selected for humidity
control.

CARBON DIOXIDE ODOR AND TRACE CONTAMINANT CONTROL

Two flight qualified concepts for CO02 control were evaluated. Lithium
Hydroxide (L10H) has flown on BIOS, Apollo LM and Apollo CM. Canisters can
be designed to contain LiOH and activated charcoal to control C0p, odors and
trace contaminants., The reaction of LiOH with CO? produces water vapor and
some heat.

Molecular sieve COp control systems have been developed for the MOL and
Skylab programs., The 3 bed concept investigated uses a two-section bed, the
front section being a silica gel pre-dryer and the back section the C02
adsorber section. The pre-dryer ped is operated isothermally by use of 80°F
coolant. The molecular sieve (Linde 5A) section desorbs adiabatically.

This concepi requires separate charcoal canisters for odor and trace con-
taminant control. With the use of the molecular sieve concept, supplemental
CO2 control is required for atmospheric operation, i.e., Ferry, Pre-Launch,
Atmospheric flight. An ullage save pump-down version of the molecular sieve
system was a'so investigated because oi the reiatively high amount of
nitrogen co-adsorbed and subsequently lost on the molecular sieve at 14.7
psi cabin operating conditions.

at p—




The major disadvantages of the molecular sieve concept relative to L10H are:
1. Higher development cost
2, Higher weight has an impact on total vehicle weight
3. Development of the Lithium Hydroxide elements is stil] required
since the elements are required for ground operations, pre-launch,
Toading and ferry.

4. The system cannot be "off loaded" for short flights or when
only the crew will be aboard.

5. More complex than the LiOH system,
The major advantages of the Molecular Sieve are:

1. Lower recurring costs (only charcoal canisters required for
cach flight)

2. Lower payload penalty for the lTong duration missions
The major advantages of the Lithium Hydroxide system are:

1. Lower development cost

2. Lower.weight

3. More flexible elements can be off-loaded for short missions
and when the passengers are not carried or added for longer or
passenger carrying missions.

Both systems will meet the requirements; however, the Lithium Hydroxide
system provides less weight and DDT&E costs. It is recommended that
initially the LiOH system be employed. However, since the molecular sieve
system is being developed for Skylab and other Space Station programs, it
is recommended that the vehicle design not preclude installation of this
system later in the program for longer duration flights.

THERMAL CONTROL

The Shuttle Orbiter Crew Compartment requires temperature control to remove
sensible heat from the crewmen, walls, windows, and electrical and
electronic equipment. The heating of the compartment air may be required
particularly in the local areas near the tunne! heat shorts and windows.

The concepts which can collect this heat and transfer to the coolant trans-
port loop are heat exchangers with fans, "coldwalls" with fans or a combi-
nation of both. The coldwalls consist of coolant transport tubing attached
to the walls or wall panels. The heat is then directed to these panels by
radiation and forced convection. For cabin heat exchangers, the heat is

8
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transmitted to the heat exchangers by forced convection. The exchanger

cools the cabin ajr which must collect the heat from the walls by convection.
This then, by necessity, causes the walls to run, five to ten .degrees or
more, hotter or colder than the air. The occupants then either feel cool

whe? the cabin air is being warmed, or warm when the.cabin air is being
cooled.

The cooling requirements show that a cold wall/fan concept will not supply

sufficient cooling because of the high electrical heat load on the cabin air
and the limited areas where cold walls can be located.

The evaluation determined that the use of cold walls could not significantly
reduce the cabin heat exchanger-system.. However, a weight saving could be
realized.in the amount of insulation required to prevent overcooling the
cabin prior to launch, and excessive temperatures after entry.

HEAT REJECTION

During ground operations, atmospheric flight, and orbital flight, waste heat
must be removed from the compartment and rejected.

The following concepts were evaluated for waste heat rejection:

GSE Heat. Exchanger
Sublimator

Radiator

Hydrogen Evaporator
Cryogenic Heat Exchanger
Ram Air Heat Exchanger
Freon Evaporator

Ammonia Evaporator -
Air Cycle

Vapor Compression Cycle

It is desirable to have one unit which will serve as a heat sink for all
operational phases with no supplemertal cooling required. Four units which
will operate for all phases are the hydrogen, Freon, and ammonia evaporators,
and the vapor cycle subsystem._ In order for these units to serve as a hzat
sink for a complete mission, a sufficient quantity of consumables would be
required to be onboard at launch. The study indicated the consumable weight
and program cost would be greater than using a different concept for each
mission phase. Therefore, for application to the space shuttle orbiter,
these units can best be used for supplemental cocling, or for atmospheric
flights of short duration only.

The ram air heat exchanger and the air cycle systems can be used during

atmospheric flights. The ram air system will require supplemental cooling
at design flight speeds. This cooling may be supplied by a unit such as

9
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the evaporators indicated above. The air cycie system will provide suffi-
cient cooling capacity for all atmospheric flights.

For space flights, the radiator will reject all heat unless 1imited by

radiator area. For peak loads or radiator failure, supplemental cooling is

supplied by a water sublimator. The sublimator will also provide cooling
during the period of time the radiator 1s not on stream at the start of
the orbital flight and just prior to reentry. For the sublimator, water
s supplied from the water generated by the fuel cells.

Heat sink capability for ground operations may be supplied by the evapo-

rators or by GSE. A GSE onboard heat exchanger can also be used for cooling

during docked operations, with the heat from the orbital vehicle being
rejected through the space station heat transport system.

The evaporator/heat exchanger discussed above utilizes cryogenic hydrogen,
(300°R), from the ACPS and dumps the hydrogen overboard after using.

Table 2 provides the weight, power, volume and cost data for these heat

rejection concepts. The selected heat rejection subsystem is composed of
the following units:

1. A GSE. heat exchanger to operate during all ground operations.

2. A hydrogen evaporator to provide heat sink capabilities during
all atmospheric operations.

3. A combination radiator-sublimator be installed to operate
for all space operations.

The above combinations will supply all heat rejection capabilities at the
least cost and weight, and, in addition, will provide greater flexibility
for meeting extended flight requirements.

SYSTEM DESCRIPTION

The tradeoff resulted in the selection of the concept shown in Table 3.

Figure 2 shows the integration of the heat transport, heat rejection, tem-..........

perature control, humidity control, and CO» control functions. With this
arrangement toxic coolants are kept from the manned cabin and a Tow
freezing temperature coolant is provided for the heat rejection equipment
in a manner similar to the Space Staticn Prototype (SSP) approach. A
single, six fluid interface heat exchanger allows either water loop to
function with either F27 loop without switching valves. The GSE function
doubles as the space station interface for docked operations. The sub-
limators perform all heat rejection functions that the radiator cannot at
altitudes of 100,000 ft or greater. The hydrogen evaporators provide heat
rejection at altitudes below 100,000 feet. For Ferry Flight, if cryogenic
hydrogen is not available, a Freon vapor compression package wili be
"strapped on", and connect at the GSE interface.

11
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FUNCTION
COZ_Control

Humidity Control

Heat Transport

Trace Contaminant
Control

Temperature Control

Fuel Cell Heat Rejection

Heat Rejection

Y i N

Atmosphere Pressure & Composition.
Control

Waste Management

N2 Diluent Storage

Food Management

12

TABLE 3 - TRADE STUDY SELECTION

CONCEPT
L10H

Condensing Heat Exchanger,
Replaceable wick water separator

Dual Toop (H20 cabin loop,
F21 Heat Rejection)

Activated Charcoal

Forced Convection Heat Exchanger
Integrated with F21 Loop

Space Radiators
SubTlimators
Hydrogen Evaporators

Total Pressure Regulators with
selectable 02 or N2 source

Feces - Vacuum Dry Collector
with Slinger

Urine - Air Entrainment, rotary
separator, overboard dump
and/or holding tank

Carbon Composite, high pressure,
filament wound tanks

Aluminum Cans, Thermostabilized,
rehydratables, wafers, beverages




d007 L1404 SNVYL INVIO0D -- Z 331914

dOOT A¥YGNO23S HIVI NI N0 QNVY 4001 AYVWINd HOVINI SdWnd OML 1d30X3 YI1IN3QI d0OT AYVANOIIS ANV ASYWINJ

ANIS 1V3H 321A43S

ONY HINAYTId
WALSAS
9IN17002 359 01
WILSAS JHINWHTAM e STI3) B3 Wou4
OL LVIH I0INOYd ®) iV N
HIMYHINT I g 1 Q)
I NVEA @) u&zEﬂ%ﬂﬂ ! &) HHOMLIN
@) - O | [ w000 amousdma
Sdwng | i @)
H Sdwnd
)
1
v
t 4601 N0y 4
m d001 {033 o1
- d001 ¥31vm 4001 il
4 SWNIS VM YIINVHOUIN SN
XNIS [VIH
Dvds
HIINVHOXT LVIH
I 104INOD ALIGIWNH
HOLYWETBNS 3 ,
) NI904GAH
WIS LY WIS 1VIH H1Y
AYINT £SOOG JidHdsowly

YIINVHIXI
LV3HNIEY)

13




p——

In the cabin loop, a heating mode 1s achieved by use of heat picked up at )
the electronic cold plates, Minor cold walls in the cefling and floor of

the cabin are employed to reduce insulation requirements, and have 1{ttle
effect on the cabin thermal requirements,

The 1ntegrated vacuum drying waste management subsystem (Figure 3) concept
s selected for space shuttle., It provides feces, urine and small trash
collection, processing and storage. Feces and solid wastes are collected,
vacuum dried and stored in one container. Urine is collected separately
stored and dumped overhoard. This subsystem may be common 1in design to
space station equipment because the concepts are a derivative of the
current SSP and Skylab equipment,

The food packaging system employs the use of protective overcans, essen-
tially cylindrical in shape in which food serving cans, dehydrates and drink
packages are stored. These canisters are designed to prolong storage life
and endure pressure variation, vibration, ground handling, launch and
characteristic impact loads associated with the Shuttle Orbiter program.

The foods have been categorized as follows: thermostabilized, rehydratables,
wafers, and beverages. Packaging concepts include aluminum cans with pull-
out Tids and plastic beverage packs.

The galley complex contains a unique freezer-locker compartment. This
compartment serves as a locker for the 7-day mission but may be replaced by
a freezer for extended missions. The galley also provides an oven, food
storage, trash storage, hot and cold watar supplies, and utensil storage.

The cabin pressure control subsystem shown in Figure 4 consists of plumbing,
controls and regulators to provide a two gas (oxygen and nitrogen) atmos-
phere at 10 or 14.7 psia. Oxygen for normal makeup is supplied from the
fuel cell oxygen storage system and nitrogen from 3000 psi storage tanks.
Two identical systems are provided with a maximum flow rate of seven pounds
per hour. An emergency oxygen supply system is provided which provides
oxygen at 55#/hr from the Attitude Control Propulsion Storage System.

The fire extinguisher is a domed stainless cylinder abcut ten inches high
with a seven inch nozzle and handle. The cylinder contains a polyethylene
bladder capable of expelling two cubic feet of foam in approximately 30
seconds. The extinguishing agent, which is an agueous gel (hydroxymethyl)
cellulose), is pressurized to a maximum pressure of 250 psi at 140F. Freon
is utilized on the opposing side of the bellows bladder to act as the
expulsion agent. NASA has fire _.ection systems studies in work and the
results of these studies will define the system for the orbiter.

CONCLUSIONS

The concept selection is indirectly sensitive to a number of factors whjch,

in a phase B study, are subject to change. The length of the missions is

one wﬂich, if shortened, could justify elimination of the space radiator

and the wacer sublimators and replace the CO2 and humidity control with an l'

14
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open loop system, Lengthening the mission may require that the radiator be
of a larger size and the COp remaval be accomplished by using the molecular
sieve concept,

The "mission mix" (length of missions, kind of missions, number of passen-
gers per mission), influences not only the concept selection but number of
systems and system size. For example, one system with large capacity com=-
ponents could be 1nstalled when carrying a number of passengers and replaced
with smaller components when carrying a smaller number of passengers., An
alternate would be modular systems, of which two or more would be installed_ .

for maxinum number of passengers and one would he used when no_passengers
were carried.

A number of study contracts are now in work under NASA and Afr Force
direction which will.define the missions and dictate concept selection.
The waste management is an example. Prototype development and fabrication
are underway on the Space Station Prototype System Contract. The waste
collector satisfies the Shuttle needs and commonality usage will reduce
the cost. Another is the Fire Detection System for pressurized and un-
pressurized bays. Work is now underway in this area and should have an
impact on the concept selection. While the major part of the concept
selection is complete, effort will be continued in all areas with emphasis
on Food Management, Waste Management, Fire Detection and system size,

In conclusion,

The ECCLS design will provide provisions for incorporation of
more economical concepts as they are developed.

The system can be refurbished and maintained using airline
maintenance concepts.

State-of-the-art concepts will be used and a system will be
provided at costs below previous space vehicle systems.
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EVALUATION OF AN ENERGY ABSORBING CREW SEAT
INTEGRATED WITH A ROCKET EXTRACTION SYSTEM

Richard Carpenter

NASA, Flight Research Center

o7/ 3596%

ABSTRACT

Consideration has heen given to equipping the scaled prototype shuttle vehicle
with a lightweight eneray ahsorhing seat integrated with a crew extraction rocket. Such
a system would provide protection for low velocity vehicle impacts and also offer a means
of escape during higher velocity conditions. This system has been developed and
fabricated at the Flight Research Center (FRC). The energy absorbing seat has heen
tested in adynamic impact laboratory with satisfactory results. The escape system has
been evaluated by extracting dummies by tractor rockets from a typical cockpit config=
uration. These tests indicate unsatisfactory performance during high roll rates.

INTRODUCTION

The NASA FRC is presently in the design stage for a one<third scale prototype
shuttle vehicle based on the delta wing concept which is intended for launch from a
B-52 aircraft. The Center is pursuing several technological development areas to
facilitate this design stage. In the biotechnology area, flight experiments to establish
minimum but adequate visibility envelopes are being conducted. Also, investigations
of crew thermal and pressure protection systems and crash and escape systems are
being conducted. In this latter area two different concapts were selected as candidates
for.consideration; an ejection seat and an energy absorbing seat integrated with extraction
tractor rocket. Performance characteristics of ejection seats are understood to the point
that further_experimental work was not considered iiecessary to evaluate the application
of these seats to the scaled prototype shuttle. In the event this candidate is selected,
consideration is being given to the F-106 ejection seat as modified for use in the
XT-2 Japanese Fighter and specifications for this seat are available from the FRC.

However, experience was lacking in the use of a flight-qualified crew seat
capable of absorbing energy and integrated with a tractor rocket to extract the crew
member during an emergency. Certain physical characteristics of this type system,
such as being lightweight and simple in design, were considered attractive enough to
warrant an experimental investigation of actual performance charactetistics.

This paper briefly discusses the FRC's experience related to the design, fabri-

cation and testing of an energy absorbing seat integrated with an extraction tractor
rocket.
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GENERAL DISCUSSION

Experience pertinent to energy absorhing design and testing techniques was
obtained through the design and fabrication of a dynamic impact lahoratory (ref, 1)
and the fabrication and testing of ar. enetqgy absorbing seat for use with the Flex
wing vehicle (ref, 2) praviously flown at the FRC.

Evaluation of a lifting body crash led to an energy ahsorhing seat design that
lowered the pilot to a position where his head is helow the structural level of the
fuselage and would, consequently, provide an added measuse of protection to the head.

This film clip (1)* shows a lifting hody crash lancing. The vehicle exhibits a
high roll rate in excess of 200 degrees per second during the crash sequence. The _
pilot miraculously lived through this crash and the woest bodily damage was to the
head; he has permanently lost the use of one eye.

Consequently, the seat shown in Figure 1 was designed to lower the pilot's head
to within the top fuselage level while simultaneously absorbing energy by the use of a
cyclic strain attenuator (CSA). The-CSA used has a total stroke distance of 11 inches

and is designed to start lowering the pilot and absorbing energy at approximately 10 g¢'s,
depending on the pilot's weight.

Several dynamic impact tests were mada to verify design:

This first film (2) shows a 25-foot per second impact with a high vertica!
component. This design satisfactorily absorbed energy but did not lower the head
to the desired height. The seat was repositioned within the fuselage frame allowing
for an adequate outside viewing envelope and impacted again at the same test conditions
illustrated by this second test sequence. This design was considered adequate for
lowering the pilot to a height sufficient to provide improved head protection.

Figure 2 illustrates where three-axis accelerometers were used during the impact
testing. As may be seen, there is a three-axis accelerometer located in the head » the
pelvic region, the seat, and directly below the seat on the fuselage frame. The data
to be discussed shall only include vector acce lerometer readings from the pelvic

region and from the vehicle frame which best illustrate the energy absorption character-
istics of this total system.

Figure 3 shows acceleration versus time as measured at the vehicle frame and
within the pelvic region of the dummy. The impact velocity for this test is approximately

25 feet per second with vehicle frame peak g readings of approximately 86 g's and a
peak pelvic reading of 30 g's.

*See reference 3 for details on obtaining film.
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However, the eneray ahsorption charactetistics ot Lhe CSA are better shown hy
transfotming these data into the frequency domain. Figure 4 i llustrates the relative
difference of the spectral amplitude in g-seconds hetween the frame and pelvic ,
acceleration levels as a function of frequency. Note that the high energy levels ate in ’
the low frequencies for both the frame and pelvis, where for the frame near the DC level
the energy level peaks are about 2. 25 g-seconds and the pelvis peaks at 0.8 g-seconds;
as indicated, the energy level for the pelvis readings has decreased by a factor of three.

Figure 5 shows the gain factor which is the eatio of the amplitude in g=seconds
of the pelvis to the frame. That is, for values lass than zero, the pelvis expetiences
less transfer_of energy through the frequency range until 75 hertz, at which time the
values fluctuate around zero.

But as may be seen from Figure 4, there is-essentially no energy in the system
above 75 hertz. These data indicated that the energy absorbing characteristi¢s of
this seat were adequate for the available stroke range of 11 inches. At the conclusion
of the impact testing, the program maved into its second phase which involved integrating
this seat with a tractor rocket system capable of extracting a crew member during an
emergency.

Figure 6 shows a tractor rocket mounted on its launchet attached to the back of
the seat. During an emergency the pilot pulls a single handle between his iegs which
blows away the canopy and pneumatically launches the rocket which is attached hy a
10-foot line to the pilot harness. When the rocket reaches the end of the 10-foot
line, the rocket is ignited and pulls the pilot from the vehicle with a 1,000 pound-
second impulse. During the sequonce, the seat pan.drops and the seat slides up
rails to guide the pilot from the vehicle during the extraction.

This high-speed photography film clip (3) illustrates a successful exttaction
at 0/0 conditions when the vehicle is in a stable configuration. However, as mentioned, _
experience at the FRC with research vehicles such as the X-15 and lifting bodies during
emergencies has demonstrated that high roll rates are probable.

This film clip (4) is an example of a rapid buildup of rates to values in excess of
270 degrees per second. This is a mockup of an actual X-15 emergency reconstructed
from telemetry data. In this case, the vehicle and pilot were lost, but as may be noted
from the control movements, the pilot attempts to control the aircraft until the last
instant when high spin rates in.excess of 270 degrees pet second are reached in
approximately 400 milliseconds.

It is our firm belief that a crew emergency egress system must be capable of
operating at high roll or spin rates; consequently, a series of performance tests were
accomplished to evaluate the performance characteristics of the extraction rocket
under simulated roll rate conditions.

24 '




]
3,761
PELVIS
© 3.00;
4
£
w
e 2.28-
=
o |
3
571,80+
5 -
-
O
=f .
G orede
.‘0.0 ‘."o.o.‘.
. 0y e .
0.00 4y .. - LM-M“;"_‘!:M““

0 0 20 30 40 $0 60 70
FREQUENCY (MW2)

3.757

VENICLE FRAME

300+

SPECTRAL ANMPLITUDE (G- SEC)

80

¢
1.50+
— .c.,‘ .«
078 o |
“‘ 'C ‘.“ ¢
IO “““““.‘3'6“‘0""‘00¢Cscd"cg"‘ o
0.004— v T - — v p— r——tat_ay
o 10 20 30 40 80 60 L '
L Crmeaueney (w2) °
o ~_SHUTTLE SEAT IMPACT TEST
FIGURE & AMPLITUDE SPECTRUM VS FREGQUENCY

25

adubudid.onl.




"

32+

2 4+

(DECIBELS)
@

Q
'l

PEL VIS (G-SEC)
VEHICLE FRAME (G-SEC)
®

]
@
i

20logi0
L
o

~24-

-324

—40+—

. FREQUE’,}NCY (HZ)

20 30 40 50 60
SHUTTLE SEAT IMPACT TEST
C'N BETWEEN PELVIS AND FRAME

FIGURE 5

26

—
70




. gEppumsEsmcnnsEs
BESEESEEPENECESEEEEnE=s
ann l“.“"“l““lll!.lﬂﬂ/ S

Y -

Figure 6

27




Figure 7 illustrates the technique used to statically simulate a roll condition.

The thrust vector of the rocket was displaced laterally from zero degrees in increments
to 45 degrees,

The theoretical graph shown in Figure 8 shows corresponding aircraft roll rates
as a function of rocket tilt or lateral displacement in degrees. Three firings were
performed corresponding to a 60-degree per second ;» 80~degree per second, and
125-degree per second roll rate.

This high=speed photography clip (5) illustrates the conditions of axtraction at
these various roll rates:

At 60 degrees per-second the dummy was extracted without any problem,

At 80 degrees per second-the dummy was slammed hard against the right side of
the cockpit and dented the side of the fuselage._

At 125 degrees per second the dummy was again-slammed hard against the frame.
The accelerometers mounted in the thorax indicated a side acceleration of 80 g's
sustained for 15 milliseconds.

Figure 8 shows the theoretical estimate of aircraft roll rate versus rocket tilt
angle and our three test points cotresponding to roll rates of 60 degrees per second,.

80 degrees per second, and 125 degrees per second together with the time required
for the various events to occur.

Two events are plotted. The top function indicates the roll rates achievable
by the tractor rocket if the feet clear the cockpit. The second function provides
the roll rates possible-if only the torso is considered necessary to clear the cockpit.

However, our expetimental tests indicated another factor, shown in Figure 9,
by plotting egress time versus rocket tilt angle. Due to the additional horizontal
force component caused by the dummy pressing against the-side of the cockpit, the
egress time increased for. increasing roll rates. As indicated, from a stable 0/0
condition to a roll rate of 60 degrees pet second the egress time increased 23
inilliseconds and_from the stable condition to an 80 -degree per second roll rate the
egress time increases to 54 milliseconds.. For 125 degrees per second, the delay
time involved in leaving the cockpit is 66 milliseconds.

When these experimental data are plotted together with the theoretical estimate
(Figure 10), it is evident that the actual roll rates within which this system can
cperate in this cockpit are reduced. A 73-degree rocket tilt angle corresponding to
a roll rate of approximately 200 degrees per second is the theoretical maximum
above which a tractor rocket cannot extract a pilot. Extrapolation of actual experi=
mental data indicates that actual possible ro!l rates for a tractor rocket extraction
from this type cockpit are definitely less than 200 degrees per second and probably
nearer 160 degrees per second, and this is not considered adequate for flight vehicles
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that are aerodynamically unstable in roll or capable of high roll rates particularly in view
of the high side forces exerted against the dummy as he left the cockpit. These side
forces seem to become significant at a simulated roll rate of 80 degrees per second.

CONCLUSIONS

1. Nonejection seat designs allowing improved head protection by lowering the
pilot are now within the state-of-the-art... .

2. By integrating energy absorbing techniques into the seat lowering mechanism,
a significant amount of impact energy can be prevented from reachi ng the pilot,

3. The energy absothing seat can be integrated with-a crew extraction rocket
and-will perform ra2liably at a stable 0/0 condition and_at re latively low roll rates.

4._The tractor rocket egress system.is not recommended for use with flight
vehicles where high roll rates can be expected.

5. This type seat and egress system is not recommended fot use on the scaled
prototype shuttle vehicles where.roll rates in excess of 200 degrees per second can
be anticipated.

6. The recammendation now being considered for the crew egress system for the
scaled protetype shuttle is to use the-F-106 ejection seat as modified for the XT-2
Japanese Fighter.
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THE FLASH EVAPORATOR FOR TRANSIENT HEAT LOADS
J. L. Gaddis

Vought Missiles and Space Company

INTRODUCTION

The thermal contral system for the shuttle is being projected to include an expend=

able heat sink to augment the radiator and to provide primary heat rejection during atmos-

pheric flight phases, Any device must demonstrate ceitain features to warrant its devel-

opment for shuttle usage. These include high efficiency, capability to meet the high load

transients as well as steady state, capability to respond quickly after dormant periods

and to assume dormant operation, and sufficient simplicity to insure superior reliability.

In addition to these requirements, it is attractive to obtain a single device which can

utilize various evaporants. Tiis document teports an investigation of the feasibility of

a liquid spray flash evaporator concept intended to satisfy the objectives outlined.

W ON

N o0 b

OBJECTIVES
Heat Load 0 - 25000 BTU/HR, inlet temperature ramps of 5 degrees per minute.
Outlet temperature range 35 to 45 F.
Evaporants H50, NH3 or R-22 in pertinent pressure range.
Accelerations 0 - 4 g,
No backpressure control .
Heat rate control by supply rate modulation.

High enthalpy of vaporization.
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VAPORIZATION PROCESSES

A liquid changes to a vapor with the addition of heat by any of several mechanisms.,
Devices associated with these mechanisms have associated with them a necessary rate
control variable. In the case of the droplet evaporation device, the heat rate control by
supply imodulation is considered to he especially attractive from a simplicity standpoint
when compared to backpreslsure control. It compares favorably with the sublimation
device having an excellent rate control mechanism which is penalized to accommodate
intermittent operation. Thus, it is attractive to pursue a device which evaporates

liquids by the droplet evaporation mechanism.. .See F igure 1,
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DROPLET IMPINGEMENT

Several phenomena may occur during single droplet impingement of a three phase,
single component fluid, The particle could freeze in transit with a corresponding inabil-
ity to efficiently vaporize it. The particle could impinge on the wall as a liquid and |
evaporate, hoil gently, or hoil violently. In either of the first two the entire droplet can
evaporate efficiently, while a significant fraction of the liquid in the latter case could
be ejected. Finally, the liquid could be supplied faster than the evaporation with accu=-
mulation resulting. The bounds of desired operation are considered violated when the
droplets freeze or when accumulation is encountered. The violent beiling will probably
result in.afluid selection criterion rather than a design problem. The limits of freezing

and accumulation will be estimated using both experimental and analytical techniques.

See Figure 2.
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WATER FREEZING CHARACTERISTICS
The time required to freeze a particle in flight may be analyzed using any of several
approximate techniques, Figure 3 shows the length of time to complete freezing for water
particles at various amhient conditions. The typical size of particles obtained from an
atomizing nozzle is about 100 microns which would freeze in a distance of about one foot
under vacuum conditions with a velocity of 50 feet per second.__Raising the pressure

from zero to a saturation temperature of 10°F produces nearly twice the distance to

freezing, Thus, both the iength of path, velocity, and ambient pressure have significant

effects on the .condition of the particle.

g
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FLOODING TENDENCY OF SUPPLY VERSUS
EVAPORATION RATES

The possible flooding of the evaporator surface has heen analyzed by evaluating the
characteristic supply time and evaporation time, See F igure 4, The characteristic sup-
ply time may he calculated as the time required to produce an equal number of particles
and targets, These targets are a size such that a particle at target center will be hit by
a second particte when the latter falls within the target. The characteristic evaporation
time is calculated from a direct heat transfer solution. The evaporator is expected to
flood whenever the supply time is less than the evaporation time. The excess in supply
time over evaporation time provides for margin against variations in supply flux, etc.
Within the range of droplet sizes expected, a oneé square foot evaporator is more than

adequate to prevent flooding for water. The only evaporants (R-22, NH3) have relatively

similar characteristics.
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LIMITS OF DESIRED OPERATION
From the foregoing, the range of evaporator size and particle size may he calculated ’
in which the evaporator will have the postulated single droplet evaporation mode. The
parameters listed have such a strong effect (particularly the amhient pressure) that many
sets of charts would be required to completely describe the situation. Paiticle freezing
is @ moreformidable problem since the sizes at which the spray accumulates are actually
much less thancan he accommodated by the transport side heat transfer. This transport

side design impact is the strongest sizing parameter in the system and will be illustrated

shortly, See Figure 5.
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EXPLORATORY TEST
An experiment was contrived to evaluate the effect of the basic parameters. The
test objective was to establish the efficiency potential which each evaporant, to evaluate
4g effects, and to gain insight into operational problems associated with nozzle freezing,
etc. The energy used to evaporate the fluid was extracted from the heat storage of a

heavy test article. The simulated evaporator at a uniform high temperature was sprayed
for a short interval_and then allowed to reach equilibrium. The energy release calculated
from before and after temperatures was divided by the expended evaporant weight to yield
the enthalpy of evaporation actually obtained. This enthalpy could then be analyzed

according to the appropriate parameters to account for the losses. See Figure 6.
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EXPLORATORY TEST RESULTS
The exploratory test results for water were found to form two relatively distinct data
groups. At low ambient pressure, particles were observed to rehound from the evaporator

wall, suggesting, together with the measured |ow efficiency, that the particle freezing

had caused a reduction in efficiency. At higher ambient pressures, the efficiency was

observed to decrease when the wall temperature approached the saturation_temperature,

This result is_interpreted to indicate some flooding during the run, See Figure 7.
While reasonably high liquid use efficiencies were obtained with water, both the

Freon 22 and NH3 never achieved high efficiency. Some of the cause for this loss was

a direct carryover of liquid droplets entrained in the vapor flow,
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TRANSPORT FLUID SIDE DESIGN
A simple heat transfer and pressure drop calculation for the series tube evaporator
heat exchange surface yields a result as illustrated in Figure 8, The transport fluid in
this calculation is Freon 21 which is anticipated for the shuttle application. A similar

plot results for water but tends to lower values of prassure drop and temperature differ-

ence,
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Figure 8. Transport Fluid Side Design
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PARALLEL FLOW PATH OPTIMIZATION
A calculation of the previous type can he made for multiple tubes in parallel flow for
Freon 21 transport fluid, By choosing the unique value of tube size and evaporator area
which yield a selected pressure drop and temperature difference, one may determine the
number of paths.which yields the smallest evaporator, From such an exercise the area is

found to be ahout 4 square feet for the 25000 BTU/HR device. This area could he

decreased somewhat if an increased fin effect could be incorporated into the heat exchange

surface. See Figure 9.
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Figure 9. Parallel Flow Path Optimization
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EVAPORATOR CONFIGURATIONS
With the addition of the transport fluid loop considerations, a pair of evaporators was
constructed. See Figure 10, The active area of these evaporators was ahout 4 square
feet with the anticipated spray pattern. Each of these evaporators is a fabricable config-
uration, and each tends to skew the spray flow differently allowing for differences in
spray distribution, To provide the ambient pressure required for high efficiency, an

exit hole was sized to choke the flow supplied at the desired pressure.
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Figure 10. Evaporator Configurations
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TEST SETUP AND CONDITIONS
The evaporators were installed in a vacuum chamber which was maintained at low
pressure primarily by a liquid nitrogen cryopump. Test cell pressures helow 0,02 psia
assured choking of the exit port during operation. Actual pressures ranged between 10
and 1000 microns Hg (.0002 and .02 psia) except during exceptional circumstances.
The water used as transport fluid was preconditioned by a cooling fluid and an electrical
heater to achieve one of the two illustrated inlet temperature profiles. The evaporant was

supplied using a pressurant gas at regulated pressure. See F igure 11.
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Figure 11. Test Setup and Conditions
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CYLINDER-TEST INSTALLATION.

The non-insulated cylindrical evaporator is shown installed in the chamber in
Figure 12. Construction detail of the evaporator showing the_rectangular tubing welded
together is shown clearly, At the right is the evaporant supply line and valve, while-on
the left is a plexiglas tube simulating the vapor vent line. This tube accumulated up to
an estimated 1/8 inch frost durirg testing, The avaporator was suspended from a load

cell which could detect a one ounice accumulation within the evaporator.
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TYPICAL RESULTS: H,0
Results for water are as anticipated, with the evaporator's outlet temparature bounded
between 35 and 45 degrees. An average of all results obtained indicates that about 93
percent of the injected water was evaporated at the predicted enthalpy rise. The only
problem during testing was associated with evaporant freezing on the nozzle. This prob-
lem was circumvented by a gas nozzle purge of the liquid hold up, or by simply replacing

stainless steel with a brass nozzle. Heating the nozzle was not effective in eliminating

freezing. See Figure 13.
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Figure 13. Typical Results: HZO
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TYPICAL RESULTS: Ry OR NH4

Results for Freon 22 and Ammonia were similar to each other, with each having >

spray distributions which were disturbed significantly by vapor flow paths. .The outlet

(and interior) temperatures varied over wider ranges and incipient freezing of the trans-

port fluid occurred in two modes. First, at low load the highest cooling position drops
rapidly to freezing while the outlet is comparatively warm, As the cool pulse nears the -
outlet, the interior sensor is quite warm so that recycling to "on" may produce freezing at
the outlet. This freezing was eliminated on all but one configuration by dual sensor con=
trol. However, the outlet temperature swings past the prescribed 35 to 45 degree con-

trol range. Some type of predetermined pulse length conirol could be expected to easily
eliminate these swings if they are found to be excessive. Also, the use of Freon 21 as
transpott fluid is expected to result in lower amplitude temperature variations. See

Figure 14. I
»
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SIGNIFICANT RESULTS
High enthalpy of vaporization achieved in single device for three evaporants,
Ho0: 9 Runs, ah = 965 3TU/LB (93%)
R-22: 5 Runs, Ah = 62.5 BTU/LB (90%)
NH3: 4 Runs, Ah = 357 BTU/LB (80%)
No penalty associated with response from and assumption of quiesent condition,
Demonstrated capability of ‘nlet temperature ramps up to 8 degrees per minutes.
Supply rate modulation control demonstrated.,
Overloads of 75 percent demonstrated.

Demonstrated outlet temperature range 34 to 46 for water, 33 to 60 for R-22, 34
to 55. for NHs.

. Acceletation (mean) of 1 to 3.3 g documented in prelimioary test, with at most a

moderate efficiency loss.,
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CONCLUSIONS

In conclusion, this program has indicated the feasibility of a spraying flash evaporator

with
1. High efticiency capability.
2. Operation without active back pressure contro! .
3. Control by supply rate modulation for heat Ivad transients,
4. Capability to assume dormant.operation with Instant reactivation.
5. Operation with multiple evaporants in a single device,

It is recommended that the development of the evaporator concept be continued, toward

providing availability for shuttle incorporation.
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RECENT RESUITS FROM ZERO 'G' CARGO HANDLING STUDIES

NASA « Langley ol - 2453 67

INTRODUCT TOM

. By Gary P, Beasley
|

} in the past several years a numbep of etudles have been made of

’ zera 'g' eargo tranafer preblemn. These atudies have generally heen
exploratory or misalon-orilented in nature and have provided limited and
eometimes conflicting results, Reeently eapgo hendling and tranafer hes
bPeeome of greater importance due +o the large nmounts of carpgo plannad

| ﬂﬂm for delivery by the Space fhut=le.Because of these shuttle requirements

it 1s of considerable importance to determine what meens of transter will

be used. That is, can man perform the transfer task: adequately or are

automated or semi?automated systems required.

+é

These questions and others are heing investigated as part of IRC's
Ny shuttle man/macnine integration research effort. This paper will discuss

the IRC program and indicate some of the results presently being obtained

L in the avea of cargo handling.
LRC SHUTTLE MAN/MACHINE STUDY PROGRAM

Figure 1 shows the overall IRC shuttle man/machine study effort.
wv As shown, this effort includes: a contract study to define man/wachine
tiﬁ\’ areag rejuiring detail investigation; studies or cargo transfer und

,MQ stowage frow both a parametric and a shuttle confipguration standpoint ;
B

f
¥
1




for M5FC on IRC Real-time Dynamic Simulator; studies of personnel
transfer and astronsut rescue related to all proposed shuttle mleslona;

a study contract leading to the evaluation of g multiuse, cargo transfer
ald; and general revi w, analyels, and slmvlations, as reguilred, of
shuttle docking, ebort, and EVA tasks. The major effort to date has been
addrosaad to the flrast twc taske eshown and these wiil be discussed in

aome detall.

SHUTTLE PROBLEM-DEFINITION STUDY_CONTRAAT

The inivial shuttle man/mauhine integration study conducted et IR
consisted of a yroblem-definition study contract with Euviromental
Research Associatce (ERA). This study was conducted under (lontract
NASL-3975-3 and is reported in NASA CR-111,847. The scope of the study
(figure 2) under this contract was as follows: (1) the contractor was
to review and evaluate all available shuttle documents ineluding Phase A
final reports, Phase B proposals and progress repcrts, ete. From this
review, information on shuttle configurations, and docking, cargo
transfer, EVA and abort requirements were compiled and commoniality,
mission constraints, etc., were determined. (2) Following this review
the contractor was asked to determine the state-of-art in personnel and
cargo transfer and to a lesser degree in docking and shuttle-related EVA.
Frem this determination deficient areas were determined. (3) Concurrent

t0 the state-of-art review the contractor was to analyze transfer
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operations, docking and EVA for representative shuttle wissions. (4)
Finally, takling into account all of the reviews and analyses conducted,
the contractor was to develop an experiment plan to study, through
analysis and simuletlon, the deficient areas found in passenger and
cargo transfer, docking and EVA.

Flgure 3 1s a representative sample of the task analysils conducted
by ERA. This particular flgure ls for cargo transfer and shows the
varlious components of the task and the relative priority necessary to
study the task. As can be seen the studies of problems relsted to
package stabilizetion and translation were necessary first, followed by
tests to evaluate these problenms as they interacted with disconnect and
shuttle configuration considerations. Similar flow dlagrams were
developed for docking and personnel transfer.

Figure 4 illustrates the format for suggested experimental programs.
It is for cargo transfer and similar ones were developed for docking and
personnel transfer. These program plans indicated studies that should
be conducted to supply necessary information in a timely fashion, the
mockups and experiment required to support the studies, the experimental
sequence oi. the studies for the different type missions and the type of
results to be obtained.

One additional sample of the cargo trensfer work reported in the

study contract is illustrated in figure 5. This figure illustrates g
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CARGO TRANSFER PROGRAM
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typlecal shuttle logistics cargo complement., On the figure the cargo 1s

divided Into classes according to weight and volume and the number of

packages falling into each class is showr, Superimposed on this cargo

matrix, the rows of which ape package welght and the columns package

volume, are Indleations of currently accepted manual cargo transfer

capability, TFor example, the white area represents the package volumes

and masses generally accepted as belng within the handling capabllity of
a men. Most packages expected fall within thls category. The dotted

area represents areas where there is significant current disagreement as

to man's potential. The cross-hatched ares is generally conceded to be

Outside the range of practical manual cargo handling. It can be seen

that extension of man's capability into the dotted area would

significantly affect considerations of man's role in cargo transfer and

the need for automated systems. This area of interest can be considered

as a point of departure for LRC studies.
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IRC CARGO TRANSFER PARAMETRIC STUDY

IRC in-house simulation studles are directed toward resolving the
cargo transfer questions ralsed in figure b, by determining through a
parametric study the limits of manual cargo handling. The study is
being conducted using water immersion simulation technlques and congider-
ing the parameters shown in figure 6, As shown,; the study i1s considering
Package masses from 3 to 50 slugs, volume of 1.5 to 142 cubie feet,
moments of inertia up to 900 slug £1.2 and varlous other aspects suech as
maneuvering aid, pressure-suit effents and one-man versus two=-man
transfers.

Many different mockups of cargo were used in the study. Figure 7
lllustrates a typical package. The package mockups were constructed
using a central sphere to provide buoyancy, lead to provide mass and
thin pipes to rep;esent volumetric limitations. Also shown on this
figure is the course used in the tests. It consisted of two 1.25" hand-
rails separated by about 18 inches and layed out in a 20-foot-by-10-foot
rectangle, thus permitting evaluation of straight line transfers as well
as turns.

The prime method of evaluating the cargo handling tasks was through
a subject rating scale as shown in figure 8. The ratings range from 1-10
and varied according to compensation (concentration and/or Physical
strength) required to handle package. ‘The prime subjects used to date
include an astronaut with zero 'g' flight experience, an IRC test pilot,

two research engineers and an Air Force Flight Surgeon.
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The initlal phases of the parsmetric atudy have been completed and
some preliminary results have been determined and are shown 1in figure 9,
These results are as follows: (1) The effecte of mass end moment of
inertla on cargo trancfer are minimal for the range of packeages studied
(350 slugs). Practical coneldarations such as spacceraft volumetric
restrictlons, carvge tranafer Lime conntralnta, ete,, would detormine
actual cargo limita. (2) ALl tranafers were acvomplished weilng oithor
one ¢r two handralln. Howevor, the use of two handralls was found to be
more denlrable beeauoc it provided threc points of contact to be used in
the eontrol of the packages. Fop example, the hand used for translation
and the two teet (or knees) used for braking, packuge positioning, and
stabilization. The larger the packeges the more desireble the two-rail
system became. (3) All transfers were accomuplished satisfactorily by a
g¢ingle subjeet but use of a two-subject team reduced the level of effort
conslderubly. Subjects' comments indicated that the reduction in effort
was significantly greatevr than the tactor of two which could be expected,
Team tests were conducted only on packages of more than 30 slugs and
thus the advantages or berhaps dlsadvantages of team efforts on smaller
packages is not known. (4) A1l transfers were accomplished at average
velocities less than 0.7 fps. The average velocities ranged from 0.7 fps
for the smallest package to about 0.3 fps for the 90-slug package. This
is reported only as a point of interest. Since speed of transfer was not

# study parameter and, in fact, subjects were requested to move at g
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speed that felt comfortable end which insured complete control of the
packege. The low speeds do indleate, however, that drag effects

|
encountered should be minimal.

CONCLUDING REMARKS

Preliminary results obtained in IRC cargo handling studles indlcate
that manual cargo transfer, in an IVA mode, can be easily accomplished
for packages of 50 slugs or more. This appears to preclude the require-
ment for automated systems for cargo transfer. However, considerations
of practical limitations related to the shuttle configuration and time
: constraints are necessary before final decision is made.

1 ILRC's studies to determine the effect of practical considerstions
are planned and will in the next few months provide answers to assist in

the decision on automated systems. In addition, they will show the R

Loy

problems and limits associated with cargo transfer in a pressure suit

and evaluate cargo stowage and attachment problems.
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SUBSYSTEM TRADE=OFF
ENVIRONMENTAL CONTROL AND LIFE SUPPORT
) o FOR
o ORBITER PHASE B CONTRACTOR

John Jasin (McDonnell Douglas)
o Ronald Augusti (Hamilton $tandard)

. f A description of an Environmental Control and Life Support (ECLS) subsystem
D for the Space Shuttle Orhiter will be presented.

Included in the description is the approach to subsystem evaluation, candi-
- - dates chosen for review and candidates selected for integration into the
b :[ vehicle design. Those areas within the ECLS which require advances in

technology or new technology have also been identified. The selected con-

figuration is consistent with overall program goals of maximum performance
L _ and value with a minimum of development and cost.
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INTRODUCTTON

The Environmental Control and Life Support (ECLS) subsystem in the
orbiter provides a habitable environment for crew and equipment in the
hostility of space., The ECLS must provide for the functions of:

1

Shirtsleeve Environment

- Water Management

= Atmosphere Gas Supply

= Atmosphere Revitalization

- Waste Management

- LEquipment Thermal Control

A block diagram of the subsystem is shown on Figure 1. The ECLS is
active during the mission phases of launch, ascent, on-orbit, entry and

landing, and supports two pilots and two cargo handlers. Ground Support

Equipment (GSE) is utilized during prelaunch, launch and post landing
activity,

The four man capacity allows for a wide latitude of mission capa- '\

bility ranging from seven days to thirty days. ECLS extended mission
capability is achieved by the addition of modular equipment that is the
same as the equipment provided in the orbiter. Provisions for this
equipment addition are provided in the initial subsystem design.
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Figure 1. Orbiter ECLS Subsystem Block Diagram
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KEQUIREMINTS

Major requirements affecting ECLS design and the parameter value
used in our approach are summarized in Table 1.

Subsystem cost 1s a major factor in the selection of a design. As

an overall requirement, the candidates for evaluation have to be cost
effective 1n addition to meeting performance requirements.

SUBSYSTEM DESCRIPTION

A description of the candldates selected for study for each of the
ECLS assemblies 1s presented herein. The candidates are compared by using
a set of selection criteria. The criteria are divided into three-groups-
absolute, quantitative, and qualitative. All candidates must meet the
absolute criteria of perfurmance, safety, reliability and availability orv
thev are eliminated from further consideration. The quantitative criteria
are related to cost and include weight, power consumption and expendables.
Qualitative criteria arc composed of complexity, flexibility, maintain-
alhility, and life.

Some of the approaches, being basically a tabulation of nresent
state-of-the-art, do not requirec formal evaluaticn.

Atmospheric Storage Assembly - Several potential candidates exist for
atmospheric storage. These- include subcritical, supercritical and high
pressure gas. Further, combinations of storage supplies for separate sub-
systems using the same media such as the hydrogen/oxygen fuel cell also
exist. Table 2 presents the results of the nitrogén storage portion of
atmosphere storage study, conducted tuv determine the optimum storage con-
figuration. Two 3000 psia filament wound composite tanks are selected for
nitrogen storage on the basis of safety and equivalent cost. Table 3 shows
the study results of separate versus common oxygen storage and whether that
storage should be cryogenic or gaseous. The system selected utilizes the
Orbit Maneuvering System subcritical storage tank for supplying oxygen
during normal cperation. In the event oxygen cannot be supplied to the
ECLS, a 3000 psia tank of filament wound composite material construction
will supply oxygen at normal use rates for a 48 hour period.

Atmosphere Pressure Control Assembly - Cabin pressure and composition
control is maintained bv a Skylab type two-gas controller and tripley
redundant pressurc relief valves. The Skylab controller is chosen be-
cause its developed and qualified status results in a lower orbiter ECLS
cost.
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= Total cabin pressure is controlled by redundant absnlute pressure ¥

- regulators which can be manually selected for 10.0 or 14.7 psia opera- ‘<,

. tion. The multi-purpose range will support both Space Station rendezvous

= and potential EVA missions. The cabin pressure relief valvea are also

£ manually set for either 10.0 or 14.7 pasia, Theae valves relieve cabin

. atmosphere averboard during launch and allow pressurization of the cabin

= during entry.

=

i Partial oxygen pressure is maintained within prescribed liwmits and

= 1s controlled by redundant p0o sensore and normally closed solenoid

2 valves on the nitrogen supply inlet,

=

Ventilation Proviaions = Three redundant fans {n the alr diatri-
. hution avatem provide ventilation. Alr ia drawn into the cabin air
loop, through the carbon dioxide proceasing unit, conditloned for both
humidity and temperaturc, and then returned to the cabin. The process
flows for four men which are required for sultable humidity and €O,
control are also adequate for cabin ventilation thus negating the need
for multiple cabin fan installatlons.

AR T
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Carbon Dioxide Removal & Humidity Contrel Assembly - Several
approaches to carbon dioxide aud humidity control are available for use.

Those considered during the C02/humidity control study for orbiter
application are:

- Lithium Hydroxide and Condenser

(LS

= Lithium Hydroxide and Desiccant
- Molecular Sieve and Condenser .
- Molecular Sieve and Desiccant

Solid Amine

Table 4 presents a summary of the trade-off results. Lithium
hydroxide, in conjunction with a condensing heat exchanger, is selected
for orbiter application. Each cartridge contains four man days worth
of LiOH and activated charcoal and is replaced on a prescribed basis.

DAL TCOPULE /N ISR L. PR LLIGL RN L
I
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The area of €O, and humidity control may be considered for advance-
ment in control tecﬁniques. Although a LiOH and condenser assembly is
adequate and is chosen on the basis of cost through first flight, a more
flexible system could be achieved with solid amine or desiccant. These

approaches become attractive if multiple crew and varying mission dura-
tion mixes are considered.
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TABLE 4

CO2 AND HUMIDITY CONTROL SUBSYSTEM
] COMPARISON

r RANKED 1 T0 5, LONEST TO HIGHEST

SUBSYSTEMS

WEIGHT COST
4 LiOH/CONDENSER 1 1

LiOH/DESICCANT
MOLECULAR SIEVE/CONDENSER
MOLECULAR SIEVE/DESICCANT
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Trace Contaminant - Control of contaminants is achleved in the
orbiter by means of cabin lecakage and activated charcoal, A cabin
leakage of 3,5 pounds per day will cuntrol most of the trace gases.
Activated charcoal 1s used to remove the larger molecules of organic
contaminants., Activated charcoal 1s chosen on the basis of Gemini,
Apollo and LM experience,

Heat Transport Asscmbly ~ Redundant water loops within the crew
compartment. and redundant Freon 21 coolant loops external to the erew
compartment provide thermal control for crew and equipment. Heat
generated within the crew compartment by the crew, LiOH/802 reaction,
avionies and other equipment, and radiatlon to the cabin wall 18 picked
un by clreulating water loops and transferred via interface heat ex-
changers te the equipment loopa. The cquipment. loopr, 1in addition to
removing heat from the cabin, provide thermal control for tho avionlca
equipment, fuel cells, and the landing gear wheel wells. Heat is removed
from the cquipment leops by the space radlator during the orbital mission
phase. Durlng the ascent and entry phases heat 1s removed by redundant
cryogenle hydregen heat exchangers. Hydrogen 18 chesen for 1ts availa-
billty throughout the missicn phases and its cooling cfficiency, as
shown in Figure 2,

Each of the redundant erew compartment loops has two pumps for
cireulating the water through the condensing and cabin heat exchangers for
removal of molsture and tempersture control of the atmosphere, and through
cold plates and cold rails for heat removal from the avionirs cquipment
located within the compartment. Two pumps are provided in each of the
redundant equipment leops. One pump operation is neecessary to provide
cooling for normal orbital heat loads. For the higher teat loads encoun-
tered during ascent, entry and short orbital periods, two pumps are

required. Two pumps in one loop or one pump in each loop provide the
necessary cooling.

The cryogenic hydrogen heat exchanger is a proteatial candidate for
early development. This approach is a key elemeut in the thermal control
portion of the subsystem design. Investigation is required in che areas
of centrol, sizing and atmospheric operation.

Space Radiator Assembly - The radiator is a deployable panel which is
stowed under the cargo bay door during launch and entry. In orbit, the
cargo bay door is opened, the radiator is deployed, and the cargo tay door
is closed. Prior to entry, the procedure is reversed. The radiator is
constructed of aluminum with a low «/e coating to effect radiation from
both sides of the panel. The two dimensional tube pattern, combined vith
a bypass stagnation heat load control, provides a wide heat lead ranfe.
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Figure 2. Environmental Control and Life Support Comparison
of Cooling Approaches
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Water Management - Included in water management are storage and dump- |
ing of fuel cell product water, provision of drinking water and the bac- O
teriological control of the subsystem. The storage tanks are sized to
preclude overboard dumping in the vieinity of the Space Station. Auto-
matic operation is provided with the capability of manual override.

Both pasteurization and chemical addition are being considered for
bacteriological control pending the outcome of detail design., The Skylab
water svstem design and monitoring approach are available for adaptation
into the orbiter, Skylab uses an lodine injection system in corjunction
with a tesi solution which determines an adequate 1cdine content.

Waste Management Assembly - The waste management assembly provides
for feces, urine and small trash collection, processing and storage. The
major concern in waste management design is the area of crew acceptability.
Existing waste collection systens, either in the concept or breadboard
stage, are of two types. These are integrated vacuum drying and manual
transfer with vacuum drying. Of the two, the integrated vacuum drying
approach is more acceptable from a crew acceptability standpoint. Since
the orbiter does not presently have a requirement for medical monitoring,
the bag collection with manual transfer and drying is not warranted. The
system selected for integration into the orbiter is similar to that used
on the Space Station Prototype (SSP). In that system, feces and solid
waste are collected, vacuum dried and stored in one container. Additional
effort is required in the development of waste management system determin-

. ing the impact of both sexes in the crew and passenger contingent.

Fire Extinguishing - Portable fire extinguishers are provided in lr ‘
the crew and passenger area. Some developmental work is required to verify ‘
use in zero "g". The-units contain 2-5 pounds of carbon dioxide in accord-
ance with the standard on aircraft hand fire extinguishers. A design margin
is provided in the lithium hydroxide in the évent a unit is discharged. The
pCO2 indicator provides visual indication to the crew as a safe pCO, level
is achieved. Oxygen masks are worn during this period which is less than
five hours. Additionally, the capability to purge the cabin with nitrogen
is available. Nonflammable materials are used throughout the crew and
passenger area to minimize the risk of fire.
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DESIGN APPROACH

Alrcraft philosophies and practices are applied to the orbiter ELCLS
design which result In a subsystem that meets the Space Shuttle maintain-
ability requirements of short turnaround, ease of refurbishment and main-
tenance, including unscheduled maintenance. A minimum cost subsystem with
maximum flexibility of design is achieved through commenality of high cost

equipment. Potential ECLS orbiter and hooster candidates for commonality
include:

- Cabin Pressure Relief Valves

- Booster Air Tank and Orbiter Emergency Oxygen Tank

- Cryogenic Heat Exchangers

= Cooling Umbilicals

- Crew Equipment

The capability of extravehicular activity, although not directly
provided in the orbiter design, was considered to the extent that it can
be included in future program requirements.

Subsystem flexibility is provided in the form of ‘did-on equipment
which results in the capability to extend the orbiter mission duration.

CONCLUSIONS

The Environmental Control and Life Support subsystem provided for the
Space Shuttle Orbiter satisfies the program goal of maximum performance and _
value, with a minimum of development and cost. This achievement is attained \
primarily in two ways, the first being maximum use of existing spacecraft
components that meet the exacting requirements of a reusable Space Shuttle
vehicle, and secondary, utilizing common or similar components and assemblies
in the orbiter and booster to minimize program development costs.

The orbiter ECLS design definition has identified some areas requiring
new or advancements in development. These are primarily in the fields of
composite materials for pressure vessels, regenerative sorbents for humidity
control, cryogenic heat exchange and its associated conttol, waste manage-
ment and the impact of both sexes on crew make-up, and finally, spacecraft
fire extinguishers for 1 "g" and zero "g'" application. None of the above
areas, nor the subsystem defined for the Space Shuttle orbiter, require
mijor advances in technology along with their associated costs. Pursuit
of the design definition described above will result in a viable systew for
the Space Shuttie Program,.
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FRELTMINARY RESULTS OF SPACE SHUPTLE EC/LSS STUDIRES

Lenwood G. Clark and Kobert 8. Osborne

r o NASA Lengley Research Center
- Hempton, Virginia

NI} 3527/

INTRODUCTION

The purpose of this paper is to indicate overall status of the
Langley Research Center progrem on space shuttle environmental control/
life support systems (EC/LSS) s present preliminary results of studies
being conducted, and provide e current assessment of technology
D advencements required.
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LRC Program Status

Primary clements of the program currently consist of two contracted

EC/LS systems studies and design of a flight trace contaminant sensor
system. Other Langley research activities not supported directly by
shuttle funding also have application to shuttle life support prohlems
and will be identified later.

The Hamilton Standard effort includes conducting subsystem trade-
oftf studies, assembling a conceptual system, and identifying pacing
technology for shuttle orbiter EC/LS. It is about 50 percent complete
and, as noted by the recent milestone, a midterm progress report has
been published.

Lockheed is concentrating on four orbiter EC/LSS problems: cargo
module system concepts, shuttle/space station interfaces, integrated
cabin thermal control for all mission phases, and subsystem reusability.
This contract has been underway for only about three months and results
are limited.

The design phase of the contractual effort to develop a multi-gas
trace contaminant sensor systém will be initiated shortly.
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COn, Humidlty, and Thermel Control

Much of Uamilton Standard's effort to date has involved subsystem
trade~off gtudies, The moat extenslive of these studies ls in the area
of' C0p, humidlty, and thermal control. In this case candidate concepts
which include all of these EC/LS functions are being eveluated since
most COp removal methods also control or affect humidlty and have an
lmpact on the cabin temperature control system. One aspect of this
evaluation ls shown in the flgure where the total equivalent welght
(includes hardware welght, power and heat rejection penalties, expend-
ables, etec,) of a number of concepts varies with mission duratlon.
These caleulatlons lnclude conslderation cf a typleal heat rejectlon
system for a nomlnal heat loed (includes metabolic, avionlc, wall, and
fuel cell loads). The increase in welght with time reflects ullege
losses, bakeout requirements, and expendables although some addltional
penalty is incurred for operation beyond the T7-dey deslgn point for
some of the concepts.

Systems considered include lithium hydroxlde, molecular sieve, and
i depolarized concepts, each with elther condensing heat exchangers or
desiccants, and a solid amine concept which colleets both CO» and water
vapor and is regenerated by vacuum desorption. The figure indicates
that the solid amine concept is the lightest system for missions longer
than about 4 days. Other factors, however, ranging from safety to cost
to maintainability must be considered in the selection process. For
example, during the reentry and ferry mission phases, only the LiOH/
condenser and the Hp depolarized/condenser concepts actively control
CO~» and humidity, while the other concepts must rely on either cabin
transients or auxiliary equipment. Additionally, the LiOH/condenser
concept is developed and proven with the added advantage of fewer parts
and lower initial cost. On a cost-through-first-flight basis, the
expenduble LiOH/condenser concept would be chosen; however, on a total-
program (10 years) cost basis, the regenerable solid amine system would
be chosen.
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Waste Management

Another example of the subsystem trade~off gtudies belng conducted
by Hamllton Standard lnvolves the aelection of a shuttic weste manage~
ment system. In this case the uge of a conventional sltdown commode 18
considered as the only pPractlecal feces collection system. Such a gyse-
tem would involve no manual handllng of fecal material and thereby

should be hilghly acceptable to crew and passengers hoth practicelly ang,
aesthetically.

The flgure shows the welght penalty of silx candidate concepts ag g
funetion of araw/passenger glze fopr a =day mlsalon, An Integratead
vacuum drying concept in which waste materlial is colleeted, processed,
and storved In a single unit has the lowest welght fellowed by the Hydro=
Jehn and 1iquid germilelde concapte, All of the other concapts Invelve
high=tenporature Proceasing and use a high rate of expendables and/or
power.  They also require two collectors for processing in order that

the waste decomposition process can take place and rool dewn before
rausce,.

The vacuum drvring concept using tissue wipes is
not only because of 1ts low welght and volume, but alse because it is
& relatively simple system with good reliabllity and mission flexibility-.
The number of waste management units required will depend upon not only
the number of erew or passengers, but on their location in the shuttle

the selected system

vehicle.
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Technology Recommendationsg

Az noted previously, one of the primaiy objectives of the Hamllton
Standard FC/LS systems study is to ldentify pacing technology items.
The flgure Indlcates a technology forecaut of ltems that heve been 1den~
tified as warranting further development In order to provide improved
flexibllity for achleving a low-~cost, technleally optimilzed shuttle
5C/1.8S.  Subsystem trade-off studles have been conducted in five srcas
and some 14 paeclng technalogy items identified. These conclusions are,
hovever, tentatlve and are subject to change as the study progresses
and the totael EC/LSS ls defined and optimized. One chenge hag already
been made dn that the selected humidity control water separator le now
aa clbow separator conflguration ingtead of the wlek peparator indlcated.

vne 1tom of specelal Intercet 1 the need for a reallatle phutlble
orblter contaninant model., Current models are based on space stotlon
teclmelogy and do not genorally conslder the great varlety of possible
shuttle misalons wlth the attordant veriety of pacsengors, eLYgoea,
and oxperdments.  The reasong why cther gpeclfile 1tema are Iisted are
too lengthy to be discussed here, but are found in the intorim pProgross
report previously mentioned and will be covered in detail in the Tinel
report due to be published in September of this year. Tt 1s intereste-
ing to note that most, 1f not all, of these items are presently being
pursued to some degree. NASA Langley, as a part of its advanced tech-
nology program, is conducting and sponsoring applliceble research and
development in a number of these arecas. TFor example, the trace contem-
inant absorption capability of "Purafil," a potentially useful material,
is belng conducted under contract NAS1=9506 with Texas Tech University,
and in the water menegement area, breadboard water quality monitoring
equipment is being produced under Contract NAS1-10382 with Aerojet
General.,
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Alr I"low Urinal Concept

The waste management subsystem for the shuttle requires a number
of technological advances to improve crew/passenger acceptability. The
Hamilton Standard artist's concept shown illustrates a new, more
conventional, height adjustable, wall-mounted urinel which eliminates
body contact with the urine collection device. An air stream within
the collector facilitates urine collection and delivery to the separa-
tion system. Appropriate filters are used for odor and bacteris con-
trol of the air and a water flush i1s incorporated within the urinal.

The requirement for urine collection tanks will depend upon overboeard
dumping limitations.
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Split-"low Commode Concept

The waste management subsystem for the shuttle showld accommodate
both males and females and be as conventional and earthlike as possible
for crev/passenger acceptance and convenience. The Hamilton otandard
artist's concept shown illustrates a zero "g" commode concept for
rneeting shuttle requirements. Baslcally, the unit consgists of an air
Tlow urine collector (similar to that previously illustrated) inte-
grated with a feces collector. The two collectors are separated by a
deflector which is positioned down for male use and up for female use.
Separate collection of urine is desirable since it can be readily
stored and/or disposed of to vacuum. Fecal collection is eided by air
flow into the unit whexe the feces are shredded by & motor-driven
slinger and then vacuum dried. As wilh the urinal, appropriate filters
are used for odor and bacteria control.
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Cargo Module FEC/ISS

Initially, Lockheed has used system cost as a basis for Selecting
the best type of EC/LSS for the shuttle reyload or cargo module. The
study was based on an assumed l3~year traffic model recently generated
by the NASA Space Station Tesk Force. As shown, the model includes 93
flights wherein passengers are located within the module. Another
assumption was that a four-men, 7-day EC/LS wov.d be used for the forward
crew compartment of the orbiter, and that development costs for that unit
are covered in the basic shuitle development cost.

Customized 2-, 6=, and 12-man systems were considered and compared
in various combinations with single or multiple four-men units to fulfill
requirements for individual flights. Results of this cost-effectiveness
study show that the basic four-man EC/LSS modularized for payload appli-
cation is the optimum approach. Other paremeters such as flight fre-
quency and scheduling, mission length, and system welght and volume will

be considered later during the course of the contract in order to Pro=-
vide & camplete analysis.
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Cargo Module EC/LSS Cost Comparison

The cost comparison for the customized and modulax approaches to O
cargo module EC/LSS for the total of 95 flights 1s presented graphically i
for two different velues of cost per pound for transportation to orbit.

bound represent a range currently |
em planners.,

Ir. both comparisons, estimated launch welght and unit costs are
Lower Ifor the customized systems. However, the large added cost of
design, davelopment, test, and evaluation results in the total esti-
mated cost of these systems bveing substantially greater than for the
medular wits. Tt should be noted that significance should be attached J
only to the differences in cost. Absolute costs could be altered abtout
cqually in all cases when one considers costs of system integration and
maintenance, for example. It is also significent that the cost of DT
and E estimated for the customized systems could be reduced as much as
50 percent without altering the conclusions reached.
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Shuttle/Space Station FC/LSS Taterfaces

Work by Lockheed In thls area has been very limited to date. The
chart makes only two points. First, early in the space station misgion,
if the statlon FC/LSS is designed for 12 men and only 6 ace onboard, the
station system can accommodate the shuttle orblter relief crew of six
men. However, after the statlon crew has grown to 12 men, presence of
the six-men shuttle tranafer crew will result in an 18-man load on the
station EC/LSS for as long as 5 days. The problem will be even more
severe for a 12-men transfer. The station EC/LSS will then require
elther support from the shuttle system or an overdesign capability from
the statlon system itself. The other point is that, for reasons of crew
safety, the shuttle must be maintained ready to leave the station under
emergency conditions at any time while docked.

Integratea Thermal Control

Only e limited effort has been conducted to date to define a cebin
or internal thermal control system for shuttle orbiter leunch, on orbit,
reeniry, cruise, landing, and ferry mission phases. Early results
indicate onboard fuels can be used as heat sinks and provide advantages
for the reentry, crulse, and ferry phases.

It would also be desirable for several reasons (reentry heating
and cargo door operations, for example) to offer an alternative to the
customary practice of rejecting heat to space from & radiator located
on the inside of the shuttle cargo doors. An attractive concept for
this purpose is the cryhocycle system. The cryhocycle has been proposed
by both Lockheed and Grumman and consists of collecting waste cabin heat
and utilizing it in a turbine generator to produce electrical power.
Hydrogen is used as the working fluid. Theoretically, such a system
would eliminate the need for fuel cell power systems as well as radiators
for heat rejection. A disadvantage would be losing the availability of
fuel cell water to meet crew and passenger needs.
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HC/LSS Reusability

Lu.ckheed haa conducted a survey of melntenanco EBractlces of TWA,
Urited, and Eastern Alrlines to determine appliestions to shuttle EC/LSS
quick turn-eround and reusgbllity. Onboard alreraft system monitoring
rethods used include AIDS (Alreraft Integrated Data, System), ADAS
(Automatic Data Acquisition System), and MADAR (Malfunction, Analysis,
Detectlon, and Repair). This kind of data acqulsition is recommended
on the shuttle by Including EC/LSS fault lsolation data,. Algo, critical
parameters such as those for alreraft engilnes are moniltored continuously
by the airlines and trend data are analyzed for corrective actlon hy

ground racilities. For the shuttle, RC/LSS parameter trond date should
be Included In the system,

Ire alrlines schedule malntenance on a nonflight interfercnce basis
and willl not delay flights to repalr minor ltema. They algo perform
repalrs and overhauls on the basls of failures rather than time in ser=
viee., They have found that replacement on a time schedule does not pro=
ciude fallures, especlally since most difflculties oceur near the
beglnning of the operational 1ife of a component. Anothor practice is
to remove and replace a failled wilt rather then try to repair 1t on the
alreratt. If a problem cannot be igolated, all suspeeted components are

removed and replaced. All this maintenance Philosophy 1s recommended
Tor application to the shuttle.

In addition, airline experience has shown that actual operating
hours of equipment such as that used for EC/LSS are high. In some cases,
component lifle is of the same magnitude or greater than the operating
life of' the shuttle itself. This enhances the confidence level of
reliability to be expected for the shuttle.
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light Trace Contaminant Scnsor System

ilils development program iz intended to furnish a flight~-qualiflable
seusor whilch willl be capable of identifying and quantifying conteminants

present in a closed atmosphere, Thls essentially self-contained

analytical system is applicable to the monitoring of a broad spectrum of

gaseous organle and Inorganlc compounds having molecular welghts of up
to mass 140, The hybrid sensor conslsts of two maln unlts: an accumi-
later cell Inlet system and a mass spectrometer analyzer sy stem,

The accumulator cell inlet system conalsts of from one to three

cas/vapor sorption units,

kach cell contains a givern amount of a

partioular sorbent whilch 1ls capable of quentitatively adsorbing the low
lavel atmospheric contaminant(s) from an air stream passing through the
cell, It elfectively concentrates the adsorbed compound(s) to a level
that pemmits quantitative evaluation. When the adsorption cycle i1s
complete, the residual cabin atmospherc is removed from the cell and
the contaminants are desorbed by the application of heat to the cells.
The gasaes leave the cell and enter the mass spectrometer by means of
tlhe inlet leak between the cell and the mass spectrometer. The exact
number of cells employed for a given operation will depend upon the
degree of znalytical monitoring desired.

e mass spectrometer anticipated for use is the Nier-Jognson
double focusing mass spectrometer. Tris instrument uses a 90~ electric
and a 90° magnetic sector and is presently near optimum in terms of

flight design.
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coneluding Remarks

e shuttle miegsion is a relatively short one, normally [ days, ‘.
and genarally an open-cycle or expendable environmental control/life )
cupport system can be used. The technology for such a system 1s avall-
able from a comblnatlon of Apollo spacecraft and alrcraft hardware,

Hovwever, while such a system might be satlsfactory for very early
shuttle flights, certainly a more sophlstlcated system should be pursued
for the large bulk of the routine operational flights. Tt ls here that
Improvements in technology can result in reduced costs, reduced welght,
simpler systems, and increased Passenger acceptability.

A solld amlne system for removal of carbon dioxide and hanldity
control, for example, can save welght and ultimately reduce costs as
conparad to the lithium hydroxide/condensing heat exchanger combination.
‘he cryhocyele thermai control concept, 1f developed and utilized, could
replace the troublesome heat rejection radiator as well as the fuel
cells required for electric power and result in a simpler, more reliable,
and possibly lighter weight system. And certainly the development of
more carthlike male and female urine and feces collection devices would
result in the increased passenger acceptability which will be necessary

if the shuttle is to become part of a routine and widely utilized
space transportation system.
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DEVELOPMENT OF A BLADDERI.ESS TANK
FOR SPACE SHUTTLE

Clauss Feindler

Grumman Aerospace Corporation ,0 7 / 3 Sfa i

INTRODUCTION

Requirements for water management for the Space Shuttle are largely undefined, and
only the basic metabolic requirement=-3 Ib/man-day-=can be assumed. Water to meet
this and other requirements may either he stored or be available from the fuel cells if
these are selected as the electrical power supply. Even in the latter case, some water
storage will be required for transition periods, as a backup in case of temporary fuel cell
failure, and for marginal cooling.

The degree of purity and potabil ity of stored water can vary accordine to its use. It
seems likely that all drinking water must be sterile in accordance with NASA/MSC Speci=-
fication SD-200. The water quality required for other uses, such as hady washing and
toilet flushing, are undefined.

In any case, the bacterial content of stored water must be contrelled. The ease of
bacterial controi depends in part upon the characteristics of the tank in which the water
is stored. If the tank can be rendered sterile before use, the stored water can be kept
sterile much more easily. Then the tank itself must contribute to=--or at least not detract
from=-the effectiveness of bacteticidal measures employed to maintain water quality dur-

ing Space Shuttle operation. In addition, the tank should be amenable to accurate mea-
surement of water quality, |

The potable-water technology used in the Lunar Module was first reviewed in the
light of these requirements. The LM bladder-type tanks were adequate for that vehicle,
but it seemed to us that bellows tanks offer greater possibilities in satisfying the long-
tetm requitements of the Space Shuttle program. This paper summarizes the results of
our studies and the present state of development of bellows-type tanks for long-term
potable water storage.
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LM ASCENT STAGE BLADDER TANK
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